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ABSTRACT 

The o b s e r v a t i o n  was made, u s i n g  r o c k e t  borne r a d i a t i o n  d e t e c t o r s ,  

o f  a p u r e l y  tempora l  10 c p s  p e r i o d i c i t y  i n  t h e  f l u x  of  a u r o r a l  e l e c t r o n s  

i n  t h e  energy range 1 keV t o  120 keV. The p e r i o d i c i t y  w a s  b i a s e d  

toward t h e  h i g h e r  energy e l e c t r o n s  i n  t h e  s e n s e  t h a t  i t  w a s  t h e s e  t h a t  

underwent t h e  g r e a t e s t  r e l a t i v e  f l u c t u a t i o n .  A c r o s s  c o r r e l a t i o n  

a n a l y s i s  r e v e a l e d  t h a t  t h e r e  w a s  no s i g n i f i c a n t  d i sp lacement  i n  t i m e  

between peaks a t  16 keV and at 120 keV t h e r e b y  l o c a l i z i n g  t h e  mechanism 

c a u s i n g  t h e  modulat ion t o  w i t h i n  about 1000 km of t h e  e a r t h .  A t  t h e  

same t i m e  t h a t  t h i s  p e r i o d i c i t y  was observed a d e t e r m i n a t i o n  of  t h e  

e l e c t r o n  energy spectrum showed t h a t  a s t r o n g  monoene'rgetic e l e c t r o n  

component ( E m  6 keV) w a s  p r e s e n t  i n  t h e  i n f l u x .  

A p r o c e s s  i n  analogy w i t h  t h a t  p r o c e s s  which produces runaway 

e l e c t r o n s  i n  l a b o r a t o r y  plasmas i s  proposed t o  account  f o r  b o t h  t h e  

p r e s e n c e  o f  100 keV e l e c t r o n s  i n  the  beam and t h e  appearance of 10 cps  

p e r i o d i c i t y  i n  t h e i r  f l u x .  The beam of  6 keV e l e c t r o n s  as i t  e n t e r e d  

t h e  i n c r e a s e d  e l e c t r o n  d e n s i t y  of t h e  upper F l a y e r  may have e x c i t e d  

a v a r i e t y  o f  plasma o s c i l l a t i o n s .  C o n d i t i o n s  may have been p r o p e r  f o r  

one of t h e s e  waves t o  grow i n  ampli tude.  A resonance between t h e  

f requency  of t h i s  wave and t h e  gyrofrequency of  t h e  6 keV e l e c t r o n s  

could  t h e n  l e a d  t o  t h e  r a p i d  a c c e l e r a t i o n  o f  c e r t a i n  favored  e l e c t r o n s  

t o  v e r y  h igh  energy .  

The t ime c o n s t a n t  of t h e  e x c i t a t i o n ,  growth and subsequent  damping 

of  t h i s  wave i s  t h e n  r e f l e c t e d  i n t h e  low frequency p e r i o d i c i t y  observed 

i n  t h e s e  a c c e l e r a t e d  e l e c t r o n s .  
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I. INTRODUCTION 

The s t u d y  o f  a u r o r a l  e l e c t r o n  p r e c i p i t a t i o n  stems p r i m a r i l y  from 

a d e s i r e  t o  de te rmine ,  o r  a t  l e a s t  t o  i n f e r ,  t o  as g r e a t  a degree  as 

p o s s i b l e ,  t h e  g e n e r a l  n a t u r e  of the  p r o c e s s  o r  p r o c e s s e s  r e s p o n s i b l e  

f o r  t h e  e n e r g i z a t i o n  o f  a u r o r a l  p a r t i c l e s  and t h e i r  r e s u l t a n t  d e p o s i t i o n  

i n t o  t h e  upper a tmosphere.  Such s t u d i e s  have c o n c e n t r a t e d  h e a v i l y  

upon two a s p e c t s  of t h e  p a r t i c l e  i n f l u x .  F i r s t  t h e  knowledge of  t h e  

e l e c t r o n  energy spectrum which can shed l i g h t  upon t h e  r o l e  of t h e  

s t a t i c  a c c e l e r a t i o n  mechanisms ( s t a t i c  i n  t h e  s e n s e  of p r o v i d i n g  a 

c o n s t a n t  e n e r g i z a t i o n  and p r e c i p i t a t i o n  o f  p a r t i c l e s  o v e r  a t i m e  s c a l e  

of minutes  t o  hours )  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  of q u i e t  a u r o r a l  

forms.  Recent ly  Evans (1966b) and A l b e r t  (1966) have observed n e a r l y  

monoenerget ic  a u r o r a l  e l e c t r o n  i n f l u x e s  s i m i l a r  t o  t h a t  r e p o r t e d  by 

McIlwain (1960).  Such a beam e x p l i c i t l y  p o i n t s  toward an e l e c t r o s t a t i c  

a c c e l e r a t i o n  mechanism o f  which t h a t  proposed by Hones and Taylor  i s  

r e p r e s e n t a t i v e .  

The s t u d y  of r a p i d  t i m e  v a r i a t i o n s  on t h e  p a r t  of t h e  a u r o r a l  

i n f l u x ,  which i s  i n a p p r o p r i a t e  t o  t h e  s t u d y  of  s t a t i c  p r o c e s s e s ,  must 

be r e l e v a n t  t o  e i t h e r  t h e  dynamic e n e r g i z a t i o n  mechanisms which a t  

t i m e s  must a l s o  be o p e r a t i v e  o r  to  i n t e r a c t i o n s  o f  t h e  a u r o r a l  p a r t i c l e  

beam w i t h  t h e  magnetospheric  environment .  Measurements of t h i s  t y p e  

have g e n e r a l l y  been of an  i n d i r e c t  n a t u r e ,  e i t h e r  t h e  o b s e r v a t i o n  of 

x - r a y  bremss t rah lung  by b a l l o o n  borne equipment o r  photometr ic  obser -  

v a t i o n s  o f  v i s i b l e  a u r o r a l  l i g h t .  P e r i o d i c i t i e s  i n  t h e  e n e r g e t i c  

e l e c t r o n  i n f l u x  r a n g i n g  from 1 0 ' s  o f  minutes  (Anger e t  a l ,  1963) t o  
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10's  of seconds (Evans, 1963) t o  a f r a c t i o n  of a second (Anderson, 1964) 

have been observed.  Johansen and omholt (1966) u s i n g  photometr ic  

t e c h n i q u e s  have observed p e r i o d i c  luminos i ty  f l u c t u a t i o n s  a t  f r e q u e n c i e s  

h i g h e r  t h a n  1 c p s .  These o b s e r v a t i o n s  have been v a r i o u s l y  expla ined  

as due t o  i n t e r a c t i o n s  between p a r t i c l e s  and hydromagnetic waves of  t h e  

c h a r a c t e r i s t i c  f requency ,  p e r i o d s  c h a r a c t e r i s c i c  of  t r a p p e d  p a r t i c l e  

mot ions ,  o r  f r e q u e n c i e s  dominant i n  t h e  p r o c e s s e s  r e s p o n s i b l e  f o r  t h e  

p r o d u c t i o n  of t h e  a u r o r a l  i n f l u x .  

b 

I n  o r d e r  t o  ex tend  t h e s e  s t u d i e s  t o  p a r t i c l e  e n e r g i e s  i n a c c e s s i b l e  

t o  b a l l o o n  borne d e t e c t o r s  and t o  f r e q u e n c i e s  g r e a t e r  t h a n  can be 

achieved u s i n g  photometr ic  t e c h n i q u e s ,  sounding r o c k e t  payloads  f u l l y  

ins t rumented  f o r  t h e  measurement of a u r o r a l  e l e c t r o n s  over  t h e  f u l l  

energy range of i n t e r e s t  were flown d i r e c t l y  i n t o  a u r o r a l  forms. 

This  paper  d i s c u s s e s  t h e  o b s e r v a t i o n s  of  b o t h  c h a r a c t e r i s t i c  

energy s p e c t r a  and s y s t e m a t i c  time f l u c t u a t i o n s  d u r i n g  one such  f l i g h t  

and proposes  t h a t  a wave-par t ic  l e  i n t e r a c t i o n  o c c u r r i n g  c l o s e  t o  t h e  

e a r t h  i s  r e s p o n s i b l e  f o r  b o t h  t h e  p r o d u c t i o n  of 100 keV e l e c t r o n s  and 

t h e  p e r i o d i c i t y  i n  t h e  i n f l u x .  

11. INSTRUMENTATION 

The i n s t r u m e n t a t i o n  aboard the r o c k e t  (Nike Apache 14.189)  was 

d i r e c t e d  almost  e n t i r e l y  toward the measurement o f  t h e  f l u x e s  and 

energy d i s t r i b u t i o n  of a u r o r a l  e l e c t r o n s  o v e r  t h e  range o f  e n e r g i e s  

frorn 1 keV t o  more t h a n  100 keV. Emphasis w a s  p l a c e d  upon m a i n t a i n i n g  

h i g h  t i m e  r e s o l u t i o n  i n  t h e  measurements so  t h a t  f l u x  and s p e c t r a l  

changes o c c u r r i n g  i n  a f r a c t i o n  of  a second could  be i n v e s t i g a t e d .  
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Magnetic b e t a  r a y  spec t rometers  t o g e t h e r  w i t h  channel  e l e c t r o n  

m u l t i p l i e r s  were used t o  d e t e c t  e l e c t r o n s  having  e n e r g i e s  w i t h i n  s ix  

energy  bands c e n t e r e d  about 1 keV, 2 keV, 4 keV, 8 keV, 16 keV and 30 

keV. 

These d e t e c t o r s  d i f f e r  from those used p r e v i o u s l y  i n  a u r o r a l  s t u d i e s  

(Evans,  1966a) only  i n  t h a t  t h e  energy r e s o l u t i o n  and d e t e c t o r  s h i e l d i n g  

were improved. The s i x  d e t e c t o r  modules were b u i l t  t o  be a s  i d e n t i c a l  

as p o s s i b l e  t o  one a n o t h e r  i n  order  t o  f a c i l i t a t e  t h e  in te rcompar ison  

o f  d a t a  from e a c h .  

E l e c t r o n s  i n  t h e  energy range above 50 keV were s t u d i e d  u s i n g  a 

p l a s t i c  s c i n t i l l a t o r - p h o t o t u b e  d e t e c t o r .  The d e t e c t o r  p u l s e s  were 

s e p a r a t e d  i n t o  two channels  cor responding  t o  e l e c t r o n  energy l o s s e s  i n  

t h e  s c i n t i l l a t o r  of g r e a t e r  t h a n  60 keV and g r e a t e r  t h a n  120 keV. 

The p u l s e s  from each o f  t h e  s i x  channel  m u l t i p l i e r  low energy 

e l e c t r o n  d e t e c t o r s  t o g e t h e r  w i t h  the p u l s e s  from t h e  two channels  o f  

t h e  s c i n t i l l a t i o n  c o u n t e r  were routed t o  i n d i v i d u a l  l o g a r i t h m i c  count  

ra te  c i r c u i t s .  The v o l t a g e  o u t p u t s  o f  t h e s e  c i r c u i t s  were t e l e m e t e r e d  

c o n t i n u o u s l y  from t h e  r o c k e t  on s e p a r a t e  FM s u b c a r r i e r s .  T h i s  method 

of  h a n d l i n g  t h e  da t a  i n s u r e d  a response t i m e  o f  10 m s  f o r  s i g n i f i c a n t  

changes i n  count  r a t e  over  a dynamic range f r a n  ~ 5 0 0  c p s  t o  5 x lo4 c p s .  

A photometer s e n s i t i v e  t o  3914 1 a u r o r a l  l i g h t  was a l s o  i n c l u d e d  

i n  t h e  payload ,  p r i m a r i l y  t o  a s c e r t a i n  whether  t h e  p a r t i c l e  d e t e c t o r s  

were responding i n  any way t o  a u r o r a l  e m i s s i o n s .  The e n t i r e  a r r a y  of  

d e t e c t o r s  were mounted i n  t h e  payload such t h a t  t h e  look axes were 

c o - a l i g n e d  and o r i e n t e d  a t  a 45" angle  t o  t h e  r o c k e t  s p i n  a x i s .  
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The i n s t r u m e n t a t i o n  w a s  exposed d i r e c t l y  t o  t h e  incoming a u r o r a l  

p a r t i c l e s  by j e t t i s o n i n g  a door panel  a t  an  a l t i t u d e  of approximately 

80 km. 

Table  I summarizes t h e  important  c h a r a c t e r i s t i c s  of t h e s e  e l e c t r o n  

d e t e c t o r s .  

111. FLIGHT DESCRIPTION 

The r o c k e t  w a s  launched from F o r t  C h u r c h i l l ,  Manitoba a t  2256 

l o c a l  t i m e  on 17 February  1966 i n t o  a moderately a c t i v e  breakup phase 

a u r o r a .  The d i s p l a y  w a s  dominated a t  t h e  t i m e  of  launch by a b r i g h t  

f o l d e d  band ( i n t e n s i t y  M 20 kR) i n  t h e  z e n i t h  (F igure  1). T h i s  form 

faded by 180 seconds a f t e r  launch,  b u t  a widespread ,  d i f f u s e  a u r o r a l  

glow remained throughout  t h e  f l i g h t .  

The geomagnetic f i e l d  began a r a p i d  o n s e t  bay d i s t u r b a n c e  some 

s i x  minutes  b e f o r e  launch.  The X component o f  t h e  f i e l d  main ta ined  a 

r a t h e r  c o n s t a n t  200 y d e p r e s s i o n  throughout  t h e  f l i g h t .  The Z component 

of t h e  d i s t u r b a n c e  w a s  l e s s  t h a n  8Oy d u r i n g  t h e  f l i g h t  i n d i c a t i n g  t h a t  

t h e  i o n o s p h e r i c  c u r r e n t  system was s i t u a t e d  r a t h e r  c l o s e  t o  C h u r c h i l l  

a t  t h i s  t i m e .  

The r i o m e t e r  a t  C h u r c h i l l  r e g i s t e r e d  a r a p i d  r i s e  t o  a peak of  

1 .2  db i n  t h e  a b s o r p t i o n  o f  cosmic r a d i o  n o i s e  a t  T = 0.  This  a b s o r p t i o n  

decayed roughly as t h e  z e n i t h  a u r o r a l  form faded .  

The p a t t e r n  of widespread a u r o r a ,  geomagnetic a c t i v i t y ,  and sudden 

o n s e t  i n  i o n o s p h e r i c  a b s o r p t i o n  i s  v e r y  t y p i c a l  of  t h e  breakup phase of  

an  a u r o r a l  d i s p l a y .  The sequence would have been c l a s s i f i e d  as SA I 

by Ansar i  (1964).  
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i 
The performance of  b o t h  t h e  rocke t  and payload i n s t r u m e n t a t i o n  w a s  

good. A peak a l t i t u d e  of  207 km was achieved by t h e  r o c k e t  and a l l  t h e  

low energy e l e c t r o n  d e t e c t o r s  worked s a t i s f a c t o r i l y .  

The r o c k e t  payload was d e l i b e r a t e l y  n o t  spun up (normally a s p i n  

r a t e  of  8 r p s  i s  impar ted)  so  t h a t  r a p i d  f l u c t u a t i o n s  i n  e l e c t r o n  

f l u x e s  could be s t u d i e d  unambiguously. The v e r y  low s p i n  r a t e  of  2 .2  

r e v o l u t i o n s  p e r  minute  was o b t a i n e d .  
1 

A s  a consequence of t h i s  low s p i n  r a t e ,  t h e  a x i s  of  t h e  payload 

d i d  n o t  m a i n t a i n  a v e r t i c a l  a t t i t u d e  as t h e  r o c k e t  e x i t e d  t h e  atmosphere 

b u t  i n s t e a d  moved i n t o  a " f l a t  spin" a t t i t u d e  v e r y  n e a r l y  p e r p e n d i c u l a r  

t o  t h e  l o c a l  magnet ic  f i e l d  l i n e .  T h i s  r o c k e t  motion t o g e t h e r  w i t h  

t h e  o r i e n t a t i o n  of  t h e  d e t e c t o r s  i n  t h e  payload r e s u l t e d  i n  t h e  

scanning  of  e l e c t r o n  p i t c h  a n g l e s  between 45" and 135". The r a t e  a t  

which t h i s  s c a n  took  p l a c e  (about  t w i c e  p e r  minute)  was much t o o  slow 

t o  make unambiguous d e t e r m i n a t i o n s  of p i t c h  a n g l e  d i s t r i b u t i o n s  o v e r  

t h e  range sampled. 

Observa t ions  and R e s u l t s  

T i m e  Averaged Data: A s  a d e t a i l e d  d i s c u s s i o n  o f  t h i s  a s p e c t  of 

t h e  d a t a  have been g i v e n  p r e v i o u s l y  (Evans 1966b) o n l y  a b r i e f  

d e s c r i p t i o n  w i l l  be p r e s e n t e d  h e r e .  

The g r o s s  c h a r a c t e r  of t h e  a u r o r a l  e l e c t r o n  p r e c i p i t a t i o n  

sampled d u r i n g  t h i s  r o c k e t  f l i g h t  i s  summarized i n  F i g u r e  2 where t h e  

one second averaged responses  of  t h e  1 keV, 8 keV and 6 0  keV e l e c t r o n  

d e t e c t o r s  a r e  shown. It i s  s e e n  t h a t  t h e  r e s p o n s e s  of t h e  8 keV and 

60 keV d e t e c t o r s  a r e  similar i n  t h a t  b o t h  d i s p l a y  a g e n e r a l  d e c l i n e  

6 



i n  e l e c t r o n  i n f l u x  as t h e  f l i g h t  progressed .  The 1 keV d e t e c t o r  on 

t h e  o t h e r  hand shows a r a t h e r  c o n s t a n t  f l u x  o f  e l e c t r o n s  throughout  

t h e  f l i g h t .  The p e r i o d i c  o s c i l l a t i o n  a p p e a r i n g  on a l l  t h r e e  h i s t o g r a m s  

i s  due t o  t h e  slow s p i n  o f  t h e  payloads ,  t h e  d e t e c t o r  a r r a y  viewing 

a l t e r n a t i v e l y  upward a t  t h e  p a r t i c l e  i n f l u x ,  and t h e n  downward a t  t h e  

atmosphere.  

I 

The most s i g n i f i c a n t  r e s u l t s  o b t a i n e d  from t h e s e  t ime averaged 

d a t a  a r e  t h e  energy s p e c t r a  shown i n  F i g u r e  3 .  It i s  seen  t h a t  i n  

t h e  energy  range above 8 keV t h e  d i f f e r e n t i a l  f l u x e s  f a l l  v e r y  r a p i d l y  

w i t h  i n c r e a s i n g  e l e c t r o n  energy .  The s l o p e  of t h e  h i g h  energy t a i l  i n  

t h e  spectrum shown i n  F i g u r e  3a  i s  a p p r o p r i a t e  t o  a form e -E/Eo w i t h  

Eo M 8 kev .  

Below 8 keV t h e  s p e c t r a  d e p a r t  from t h e  smooth form e v i d e n t  a t  

h i g h e r  e n e r g i e s  p r i m a r i l y  i n  t h e  h i g h  f l u x  observed i n  t h e  4 keV energy  

band. 

( E M  5 - 6 keV) component t o  t h e  e l e c t r o n  i n f l u x .  The p a r t i c l e  f l u x e s  

observed i n  t h e  1 keV and 2 keV energy bands a l s o  d o  n o t  f i t  t h e  

s t e e p  s l o p e  se t  by t h e  s p e c t r a  above 8 keV i n  t h a t  a f l a t t e n i n g  o f  t h e  

spectrum i s  e v i d e n t  a t  t h e s e  lower e n e r g i e s .  

T h i s  h a s  been i n t e r p r e t e d  as  due t o  a s t r o n g  monoenerget ic  

It i s  argued by Evans (196613) t h a t  b o t h  t h e  peak i n  t h e  spectrum 

i n  t h e  r e g i o n  5 - 6 keV and t h e  d i s c o n t i n u i t y  i n  t h e  s p e c t r a l  shape 

n e a r  8 keV are f e a t u r e s  which sugges t  t h a t  t h e  e n e r g i z a t i o n  o f  t h e s e  

lower energy  e l e c t r o n s  was by means o f  s t a t i c  e l e c t r i c  f i e l d s  (Hones 

and T a y l o r ,  1965) i n  which a maximum p o t e n t i a l  drop w a s  a v a i l a b l e ,  

r a t h e r  t h a n  through s t o c h a s t i c  p r o c e s s e s  such as w a v e - p a r t i c l e  i n t e r a c t i o n s .  
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High Time R e s o l u t i o n  S t u d i e s  of the E l e c t r o n  I n f l u x :  It w a s  

observed  from t h e  r a w  t e l e m e t r y  d a t a  t h a t  t h e r e  were a number o f  

i n s t a n c e s  d u r i n g  t h i s  f l i g h t  when the e l e c t r o n  f l u x  e x h i b i t e d  a h i g h  

f requency  (- 10 c p s )  p e r i o d i c  i n t e n s i t y  v a r i a t i o n .  The remainder  o f  

t h i s  paper  w i l l  be devoted  t o  a d e s c r i p t i o n  and d i s c u s s i o n  o f  t h i s  

phenomena. 

For  t h i s  s tudy  t h e  analog t e l e m e t r y  s i g n a l  w a s  d i g i t i z e d  

e l e c t r o n i c a l l y  a t  a r a t e  of 100 t imes p e r  second.  T h i s  r a t e  w a s  

g e n e r a l l y  c o n s i s t e n t  w i t h  t h e  response  t i m e  of  t h e  l o g a r i t h m i c  count  

r a t e  c i r c u i t  ove r  t h e  count  r a t e  f l u c t u a t i o n s  observed d u r i n g  t h e  

p e r i o d i c i t i e s .  Each d i g i t i z e d  sample w a s  t h e n  conve r t ed  t o  a count  

r a t e  va lue  by f o l d i n g  i n  t h e  known l o g a r i t h m i c  count  r a t e  c i r c u i t  

and t e l e m e t r y  c a l i b r a t i o n s .  These i n s t a n t a n e o u s  count  r a t e s  could  

t h e n  be t r a n s f e r r e d  t o  d i f f e r e n t i a l  f l u x  v a l u e s  o r  used d i r e c t l y  

i n  power spec t rum a n a l y s e s  t o  b e t t e r  expose t h e  p e r i o d i c i t i e s .  

Genera l  F e a t u r e s  of  t h e  P u l s a t i o n s :  F i g u r e s  4 and 5 d i s p l a y ,  

i n  t h e  form o f  h igh  t i m e  r e s o l u t i o n  count  r a t e  p l o t s ,  two good examples 

o f  t h i s  p e r i o d i c i t y  ob ta ined  a t  t i m e s  more t h a n  30 seconds a p a r t  

d u r i n g  t h e  f l i g h t .  The b a r s  above t h e  6 0  keV h i s tog ram i n  F i g u r e  2 

mark f u r t h e r  t imes  a t  which a p e r i o d i c  behav io r  i n  count  ra te  w a s  

e i t h e r  prominent o r  s t a t i s t i c a l l y  p r e s e n t  i n  the  d a t a .  

F i g u r e  6 d i s p l a y s  t h e  r e s u l t s  of power s p e c t r a  a n a l y s e s  of 

t h e  e l e c t r o n  f l u x e s  d e t e c t e d  by the 1 keV, 4 keV, 8 keV, 16 keV, 

60  keV and 120 keV d e t e c t o r s  over  t h e  t ime i n t e r v a l  encompassing t h e  

p e r i o d i c i t y  d i s p l a y e d  i n  F i g u r e  4 ( t h e  d e t a i l s  of  t h i s  a n a l y s i s  a r e  
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g i v e n  i n  t h e  appendix) .  A s t r o n g  peak a t  a frequency of about  9 c p s  

a p p e a r s  i n  a l l  t h e  h i g h e r  energy e l e c t r o n  d a t a ,  a weaker peak of  t h e  

same f requency  i n  t h e  1 keV d a t a ,  b u t  no peak i n  t h e  a n a l y s i s  o f  t h e  

4 keV d a t a .  

T h i s  i n d i c a t i o n  t h a t  t h e  p e r i o d i c i t y  i s  e x h i b i t e d  most 

s t r o n g l y  by t h e  h i g h e r  energy e l e c t r o n s  i s  confirmed when t h e  r e l a t i v e  

ampl i tude  of  t h e  p u l s a t i o n s  observed by t h e  d i f f e r e n t  d e t e c t o r s  

d u r i n g  t h e  +118 s e c  ep isode  (F igure  4 )  i s  examined. For  t h e s e  e l e c t r o n s  

of  energy  below 60  keV t h e  r a t i o  of peak count  ra te  t o  v a l l e y  count  

r a t e  i s  about  2 .  A t  120 keV, however, t h i s  r a t i o  of peak t o  v a l l e y  

exceeds  4 d u r i n g  t h e  prominent peaks and i n  one i n s t a n c e  (+118.95 s e c )  

i s  6 .  

This  b i a s  toward h i g h e r  energy  e l e c t r o n s  i n  t h e s e  p u l s a t i o n s  

i s  f u r t h e r  i l l u s t r a t e d  i n  F i g u r e  2 showing t h a t  t h e  p e r i o d i c i t y  t e n d s  

t o  appear  d u r i n g  t i m e s  o f  l a r g e  f l u x e s  of 60 keV e l e c t r o n s .  This  l a s t  

o b s e r v a t i o n  could be a t t r i b u t e d  t o  a count  r a t e  t h r e s h o l d  e f f e c t ,  t h e  

p a r t i c l e  i n t e n s i t y  having  t o  exceed a minimum b e f o r e  p u l s a t i o n s  could  

be d e t e c t e d  by t h e  i n s t r u m e n t s .  However t h e  r e l a t i v e l y  l a r g e r  f l u c -  

t u a t i o n  ampli tude observed a t  120 keV compared t o  6 0  keV d u r i n g  a 

s i n g l e  p u l s a t i o n  s u g g e s t s  t h a t  a t h r e s h o l d  e f f e c t  i s  n o t  t h e  e x p l a n a t i o n .  

It i s  concluded t h a t  the occurrence  of  p e r i o d i c i t i e s  i n  t h e  

f l u x  of  e l e c t r o n s  and t h e  presence of l a r g e  f l u x e s  of  e l e c t r o n s  o f  

energy  g r e a t e r  t h a n  10 keV a r e  i n t i m a t e l y  r e l a t e d ,  e i t h e r  i n  t h e  s e n s e  

t h a t  t h e  p e r i o d i c i t i e s  and t h e  p a r t i c l e s  are produced i n  t h e  same p r o c e s s  

o r  t h a t  t h e  p e r i o d i c i t i e s  a r i s e  from an  i n t e r a c t i o n  of  o n l y  t h o s e  

e l e c t r o n s  of g r e a t e r  t h a n  10 keV w i t h  t h e i r  environment .  
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The g e n e r a l  appearance of t h e s e  p u l s a t i o n s  i n  t h e  e l e c t r o n s  

i s  v e r y  r e m i n i s c e n t  of those  r a p i d  Type B p u l s a t i o n s  i n  a u r o r a l  l i g h t  

observed by Johansen and Omholt (1966) t o  be prominent d u r i n g  a u r o r a l  

breakup.  Johansen has  shown f u r t h e r  by comparisons between photometer 

and r i o m e t e r  d a t a  t h a t  a s  t h e  frequency of t h e  l u m i n o s i t y  p u l s a t i o n s  

i n c r e a s e d ,  t h e  spectrum of  t h e  primary e l e c t r o n s  became h a r d e r  as 

appears  t o  be a l s o  t h e  c a s e  h e r e .  

P o s s i b i l i t y  of a S p a c i a l  E f f e c t :  Thus f a r  t h e s e  p e r i o d i c  p u l s a -  

t i o n s  have been t r ea t ed  as though t h e y  were a p u r e l y  temporal  e f f e c t .  

One cannot  l o g i c a l l y  e l i m i n a t e  a model i n  which t h e  p e r i o d i c i t y  a r i s e s  

from a s p a c i a l  e f f e c t  caused by the r o c k e t  moving through a r e g i o n  

where t h e  e l e c t r o n  i n f l u x  e x h i b i t e d  a s p a c i a l  p e r i o d i c i t y  o r  s t r i a t i o n  

(see f o r  example,  t h e  photograph on page 122 of  Chamberlain,  1962) .  

As t h e  r o c k e t  w a s  moving h o r i z o n t a l l y  a t  a v e l o c i t y  of  about  100 meters/  

s e c ,  t h e  10 cps  frequency would t r a n s f e r  t o  an a r r a y  of  s t a t i o n a r y  

e l e c t r o n  beams s e p a r a t e d  by 10 meters .  This  s e p a r a t i o n  i s  on t h e  

o r d e r  of  t h e  g y r o r a d i u s  of a 50 keV e l e c t r o n  i n  t h e  e a r t h ' s  f i e l d  

(& meters) and,  on t h i s  b a s i s  such a model must be d i s c a r d e d .  

A s p a c i a l l y  p e r i o d i c  p a t t e r n  of  e l e c t r o n  p r e c i p i t a t i o n  which 

moved p a s t  t h e  r o c k e t  a t  some v e l o c i t y  could  have produced t h e  observed 

e f f e c t s  and s t i l l  escaped from the g y r o r a d i u s  impasse - a v e l o c i t y  of 

1 km/sec on t h e  a u r o r a l  form would s e t  t h e  s t r i a t i o n s  i n  t h e  i n f l u x  

a t  about  100 m e t e r s  a p a r t .  Objec t ions  t o  t h i s  p r o p o s a l  range from t h e  

n e c e s s i t y  of m a i n t a i n i n g  such an ordered  a r r a y  t o g e t h e r  w i t h  t h e  p r o p e r  

r e l a t ive  motion o v e r  a 60  sec  per iod  of t ime t o  having  t o  assume t h a t  
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e l e c t r o n s  o f  g r e a t e r  t h a n  10 keV formed t h e  s t r i a t i o n s  w h i l e  e l e c t r o n s  

of l e s s e r  e n e r g i e s  formed r a t h e r  more homogeneous background. .  Rather  

t h a n  a p p e a l  t o  such a unique s e t  of c i rcumstances  i t  i s  concluded 

t h a t  t h e  p e r i o d i c  behavior  i n  t h e  observed count  r a t e s  i s  a p u r e l y  

temporal  e f f e c t .  

Q u a n t i t a t i v e  F e a t u r e s  o f  t h e  P u l s a t i o n  Episode a t  +118 sec:  The 

i n t e n s i t y  f l u c t u a t i o n s  around +118 s e c  were t h e  most prominent and 

i n t e n s e  observed d u r i n g  t h e  f l i g h t  and t h u s  provided t h e  b e s t  o p p o r t u n i t y  

t o  o b t a i n  estimates of  t h e  magnitude of  t h e  e f f e c t .  

From knowledge of t h e  average f l u x e s  encountered a t  +118 

t o g e t h e r  w i t h  t h e  o b s e r v a t i o n  t h a t  t h e s e  f l u x e s  were changing by 

roughly  a f a c t o r  of two d u r i n g  t h e  p u l s a t i o n s ,  an estimate i s  made t h a t  

5 x lo8 e l e c t r o n s / c m 2 / s e c / s t e r  of energy g r e a t e r  t h a n  8 keV were 

involved  i n  t h e  p e r i o d i c i t i e s  a t  t h i s  t ime ( t h e  ampli tude of t h e  ac 

component of  t h e  beam as i t  were) .  T h i s  number f l u x  i s  i n  t h e  range 

of 5-10% of t h e  dc f l u x  of e l e c t r o n s  of e n e r g i e s  lower t h a n  8 keV. 

Corresponding t o  t h e s e  number f l u x e s ,  t h e  ac  component of t h e  energy 

f l u x  i s  e s t i m a t e d  t o  be on t h e  order  of  20 e r g s / c m 2 / s e c / s t e r .  

r e p r e s e n t s  about  20% of  t h e  dc energy i n f l u x  c a r r i e d  by t h o s e  e l e c t r o n s  

of  e n e r g i e s  lower t h a n  8 keV - m o s t  o f  which, i t  w i l l  be remembered, 

w e r e  n e a r  monoenergetic i n  t h e  band 5-6 keV. 

T h i s  

These e s t i m a t e s  a r e  i n d i c a t i v e  of  t h e  magnitude of  t h e  

p u l s a t i o n  a t  i t s  most i n t e n s e  and s i m i l a r  e s t i m a t e s  made a t  l a t e r  

t imes  would y i e l d  a b s o l u t e  ac f l u x e s  of from 2 - 5 keV lower.  
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P o s s i b l e  V e l o c i t y  Di spe r s ive  E f f e c t s :  While a rough i n s p e c t i o n  

o f  F i g u r e  4 i n d i c a t e s  t h a t  t h e  peaks i n  t h e  e l e c t r o n  i n f l u x  occur red  

v e r y  n e a r l y  s imul t aneous ly  ove r  a wide range of  e n e r g i e s ,  a c r o s s  

c o r r e l a t i o n  a n a l y s i s  r evea led  a sys t ema t i c  t i m e  d i sp lacement  between 

t h e  peaks i n  t h e  p u l s a t i o n  as observed a t  d i f f e r e n t  e n e r g i e s .  F igu re  

7 i s  t h e  r e s u l t  of such an a n a l y s i s  c o r r e l a t i n g  t h e  60 keV e l e c t r o n  

coun t  r a t e  a g a i n s t  t h e  count  r a t e s  of  t h e  8 keV, 16 keV, and 120 keV 

d e t e c t o r s .  

T h i s  a n a l y s i s  was in f luenced  by the  u s e  o f  low p a s s  f i l t e r i n g  

of t h e  ana log  d a t a  p r i o r  t o  d i g i t i z a t i o n .  The f i l t e r s  i n t r o d u c e  a 

f i x e d  d isp lacement  forward i n  time i n  the  f i n a l  d i g i t i z e d  d a t a .  The 

magnitude o f  t h i s  t ime s h i f t  v a r i e s  w i t h  t h e  s u b c a r r i e r  channe l  be ing  

d i g i t i z e d  and ranged from an i n s i g n i f i c a n t  .0005 s e c  i n  t h e  8 keV 

d a t a  through .003 s e c  i n  t h e  60  keV d a t a  t o  -.01 s e c  f o r  t h e  120 keV 

d a t a .  It i s  seen  that  t h e  .010 sec d isp lacement  i n  t h e  peak o f  t h e  

c r o s s - c o r r e l a t i o n  between t h e  60  keV and t h e  120 keV d e t e c t o r  r e sponses  

c a n  be a lmost  e n t i r e l y  accounted f o r  by t h e  n e t  .007 s e c  e f f e c t  o f  t h e  

p r e - f i l t e r i n g  t echn ique .  The conc lus ion  fo l lows  t h a t  t h e  f l u c t u a t i o n s  

i n  t h e  60 keV and 120 keV e l e c t r o n s  were i n  r e a l  t ime s imul taneous  

t o  w i t h i n  a f r a c t i o n  of  a d i g i t i z a t i o n  i n t e r v a l .  The c r o s s - c o r r e l a t i o n  

between t h e  16 keV and 60 keV d e t e c t o r s  (where a .003 s e c  f i l t e r i n g  

phase  s h i f t  i s  expec ted)  y i e l d  the  same r e s u l t  - i . e . ,  no d e p a r t u r e  

from s i m u l t a n e i t y  i n  the p u l s a t i o n s  d e t e c t e d  by t h e s e  two d e t e c t o r s .  

These r e s u l t s  must be t aken  t o  i n d i c a t e  t h a t  t h e  p r o c e s s  

r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  of t h e  p e r i o d i c  f l u c t u a t i o n s  l i e s  c l o s e  
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t o  t h e  e a r t h  and ,  moreover tha t  the 16 keV and 120 keV e l e c t r o n s  a r e  

a f f e c t e d  n e a r l y  s imul t aneous ly  a t  the  s o u r c e .  Assuming t h a t  t h e  

f l u c t u a t i o n s  i n  t h e  16 keV e l e c t r o n s  were d e t e c t e d  a t  t h e  r o c k e t  

w i t h i n  one d i g i t i z a t i o n  i n t e r v a l  ( .01  sec )  o f  t h e  d e t e c t i o n  o f  s imi l a r  

f l u c t u a t i o n s  i n  t h e  120 keV e l e c t r o n  f l u x ,  t h e  d i s t a n c e  from t h e  r o c k e t  

t o  t h e  sou rce  o f  t h e  p u l s a t i o n s  i s  e s t i m a t e d  t o  be no more t h a n  1200 

km. It  i s  o f  i n t e r e s t  t o  n o t e  t h a t  a s imi la r  p o s i t i o n  h a s  been 

i n f e r r e d  by Lampton (1967) as t h e  p o i n t  o f  o r i g i n  o f  a u r o r a l  zone 

m i c r o b u r s t s .  

I n  c o n t r a s t  t o  t he  s i m u l t a n e i t y  seen  i n  t h e  f l u c t u a t i o n s  

a t  16 keV and 120 keV, t h e  c r o s s - c o r r e l a t i o n  a n a l y s i s  u s i n g  t h e  8 keV 

and 6 0  keV d e t e c t o r s  r evea led  a d e f i n i t e  asymmetry i n d i c a t i n g  t h a t  

f l u c t u a t i o n s  observed a t  8 keV occurred  about  .015 sec  b e f o r e  peaks 

were observed  i n  t h e  60 keV e l e c t r o n  f l u x .  T h i s  t ime l ead  ( r a t h e r  

t h a n  a l a g )  among t h e  s lower  e l e c t r o n s  must c l e a r l y  r e f l e c t  a p r o p e r t y  

o f  t h e  p r o c e s s  r e s p o n s i b l e  f o r  the  modula t ion  i n  t h e  e l e c t r o n  f l u x  - 
s p e c i f i c a l l y  t h e  8 keV e l e c t r o n s  a r e  e i t h e r  a f f e c t e d  o r  gene ra t ed  

somewhat e a r l i e r  than  t h e  h i g h e r  energy e l e c t r o n s .  

Summary o f  Observa t ions :  The g e n e r a l  n a t u r e  o f  t h e  p e r i o d i c  

p u l s a t i o n s  i n  t h e  a u r o r a l  e l e c t r o n  i n f l u x  observed d u r i n g  t h i s  f l i g h t  

may be summarized i n  t h e  fo l lowing  s t a t e m e n t s :  

1. The p e r i o d i c i t y  i s  a p u r e l y  tempora l  phenomena. 

2 .  The p e r i o d i c i t y  seems t o  be c l o s e l y  a s s o c i a t e d  w i t h  t h e  

p re sence  of  e n e r g e t i c  e l e c t r o n s  i n  t h e  a u r o r a l  i n f l u x  o r ,  a l t e r n a t i v e l y ,  

t h e  mechanism r e s p o n s i b l e  f o r  g e n e r a t i n g  t h e  p u l s a t i o n s  i s  most 

e f f i c i e n t  when d e a l i n g  w i t h  t h e  more e n e r g e t i c  e l e c t r o n s .  
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3 .  The b a s i c  sou rce  o f  the  p e r i o d i c i t y  must be c l o s e  t o  

t h e  e a r t h  - c o t  more than  about 1500 km a long  t h e  f i e l d  l i n e .  T h i s  i s  

t r u e  whether  t h e  p rocess  i s  one which s imply  modula tes  an  e x i s t i n g  

beam o f  e l e c t r o n s  o r  whether  t h e  phenomena a r i s e s  i n  t h e  p r o d u c t i o n  

o f  t h e s e  e l e c t r o n s .  

4 .  The p rocess  must make i t s  e f f e c t  f e l t  on 8 keV e l e c t r o n s  

somewhat e a r l i e r  t h a n  the  h i g h e r  energy ones .  

I V .  DISCUSSION AND PROPOSED MODEL 

Those p r o c e s s e s  advanced t o  e x p l a i n  p e r i o d i c i t i e s  observed i n  

a u r o r a l  e l e c t r o n  i n f l u x e s  g e n e r a l l y  f a l l  i n t o  two c l a s s e s .  , I n  t h e  

f i r s t  a mechanism i s  formulated t o  modula te ,  i n  a p e r i o d i c  f a s h i o n ,  

t h e  p r e c i p i t a t i o n  of  normally t rapped  and ene rg ized  e l e c t r o n s .  

Barcus and C h r i s t e n s e n  (1965) propose such a model i n  o r d e r  t o  

e x p l a i n  a pu re  75 sec  p e r i o d i c i t y  observed i n  t h e  i n f l u x  of 100 keV 

a u r o r a l  e l e c t r o n s .  The magnet ic  v a r i a t i o n  induced by a 75 s e c  p e r i o d  

hydromagnetic wave p ropaga t ing  i n  t h e  o u t e r  magnetosphere w a s  invoked 

t o  v a r y  t h e  l o s s  cone o f  e l e c t r o n s  be ing  a c c e l e r a t e d ,  by a s e p a r a t e  

and unknown mechanism, t o  t h e  observed e n e r g i e s .  

T h i s  p r o c e s s ,  i n  common wi th  many of  s imilar  n a t u r e ,  p roceeds  

most e f f e c t i v e l y  i n  r e g i o n s  of weak magnet ic  f i e l d  where t h e  low 

ampl i tude  v a r i a t i o n s  induced by waves r e s u l t  i n  s i g n i f i c a n t  p e r t u r -  

b a t i o n s .  I n  t h e  schematic  model p re sen ted  by Barcus and C h r i s t e n s e n ,  

a f i e l d  v a r i a t i o n  of  t h e  same magnitude as t h e  ambient magnet ic  f i e l d  

s t r e n g t h  w a s  r e q u i r e d .  I t  i s  d i f f i c u l t  t o  conce ive  of an ana logous  

p r o c e s s  t o  e x p l a i n  the  p r e s e n t  obse rva t ions  i n  which t h e  n e c e s s a r y  
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p r o c e s s e s  have been l o c a l i z e d  t o  a r e g i o n  c l o s e  t o  t h e  e a r t h  (ambient 

f i e l d  2 . 2  g a u s s ) .  

An a l t e r n a t i v e  e x p l a n a t i o n  for  t h e  p u l s a t i o n s  i s  t h a t  t h e y  are 

a m a n i f e s t a t i o n  of  a r e l a x a t i o n  t i m e  o r  f requency fundamental  t o  a 

dynamical a c c e l e r a t i o n  p r o c e s s  which c l e a r l y  had produced e l e c t r o n s  

of  g r e a t e r  t h a n  100 keV. The p i c t u r e  i s  p a r t i c u l a r l y  a t t r a c t i v e  i n  

view o f  t h e  a s s o c i a t i o n  between the occurrence  o f  p u l s a t i o n s  and t h e  

presence  of e l e c t r o n s  of  more than 10 keV energy .  

It i s  of  g r e a t  i n t e r e s t  a t  t h i s  p o i n t  t o  r e c a l l  t h e  r e s u l t s  of 

c e r t a i n  l a b o r a t o r y  plasma experiments .  Smul l in  and Get ty  (1962) 

have r e p o r t e d  t h a t  when a beam of monoenergetic e l e c t r o n s  ( E M  a few 

keV) i s  i n t r o d u c e d  i n t o  a plasma, which i t s e l f  i s  immersed i n  a magnet ic  

f i e l d ,  w i t h i n  a v e r y  s h o r t  t i m e  ( a  few microseconds)  e l e c t r o n s  o f  100's 

of keV energy  are observed t o  be produced.  It h a s  been proposed 

( S t i x ,  1964) t h a t  t h e  i n t e r a c t i o n  o f  t h e  monoenerget ic  beam of  

e l e c t r o n s  w i t h  t h e  plasma l e a d s  t o  t h e  p r o d u c t i o n  o f  v a r i o u s  modes o f  

plasma waves. S t i x  h a s  shown t h a t  c e r t a i n  of t h e s e  waves can grow i n  

ampl i tude  drawing t h e i r  energy from t h e  monoenerget ic  beam. A 

resonance  between t h e  gyrofrequency of t h e s e  keV e l e c t r o n s  and t h e  wave 

f requency  can t h e n  l e a d  t o  t h e  r a p i d  a c c e l e r a t i o n  o f  some favored  

keV energy  e l e c t r o n s  (depending upon p r o p e r  phase)  t o  t h e  v e r y  h i g h  

e n e r g i e s  observed .  

T h i s  s i t u a t i o n  appears  t o  be d u p l i c a t e d  i n  t h e  a u r o r a l  e v e n t  

encountered  d u r i n g  t h i s  r o c k e t  f l i g h t  - w i t h  a p p r o p r i a t e l y  s c a l e d  down 

magnet ic  f i e l d s  and plasma d e n s i t i e s .  The pr imary a u r o r a l  e l e c t r o n  
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beam was observed t o  have a s t r o n g  near  monoenerget ic  component. 

Th i s  monoenergetic beam as i t  en te red  t h e  enhanced plasma d e n s f t y  of 

t h e  upper  F l a y e r  a t  1000 - 2000 km a l t i t u d e  could produce a v a r i e t y  

o f  p l a s m a  waves. Under p rope r  c o n d i t i o n s  of magnetic f i e l d  and e l e c t r o n  

d e n s i t y ,  some of  t h e s e  waves may grow e x p o n e n t i a l l y .  A resonance 

between t h e  gyrofrequency of t h e s e  low energy e l e c t r o n s  and t h i s  

hypothes ized  wave could  then  r e s u l t  i n  t h e  a c c e l e r a t i o n  of favored  

e l e c t r o n s  - a sequence of  e v e n t s  known t o  occur  i n  t h e  l a b o r a t o r y .  

The observed 10 cps  frequency i n  the i n f l u x  of t h e s e  ene rg ized  e l e c t r o n s  

need n o t  be t h e  d r i v i n g  wave frequency ( indeed t h i s  i s  unl ike ly  as 

t h o s e  fundamental  plasma f r equenc ie s  a t  a p o i n t  1500 km o u t  an a u r o r a l  

zone f i e l d  l i n e  a r e  h i g h e r  t h a n  10 c p s )  b u t  r a t h e r  t h e  c h a r a c t e r i s t i c  

growth and decay t imes  of  t h e  wave. The . .015  sec  d e l a y  between t h e  

d e t e c t i o n  of a peak i n  t h e  8 keV e l e c t r o n  f l u x  and t h e  16 keV e l e c t r o n  

f l u x  i s  q u i t e  p o s s i b l y  a measure of t h e  growth r a t e  of  t h e s e  waves. 

C e r t a i n l y  t h e  subsequent  a r r i v a l  of 60 keV and 120 keV e l e c t r o n s  on ly  

m i l l i s e c o n d s  a f t e r  t h e  16 keV e l e c t r o n s  i s  s u g g e s t i v e  of an exponen t i a l -  

l i k e  growth. 

P a r t i c  l e  a c c e l e r a t i o n s  occurr ing w i t h i n  t h e  ionosphere  have been 

p r e v i o u s l y  sugges ted  by Mozer and Bruston (1966) and McDiarmid e t  a 1  

(1961) on the  b a s i s  of obse rva t ions  of unusua l  p a r t i c l e  p i t c h  angle  

d i s t r i b u t i o n s .  I n  t h e s e  i n s t a n c e s  a s t a t i c  a c c e l e r a t i o n  due t o  an 

e l e c t r i c  f i e l d  w a s  proposed while i n  t h i s  paper  i t  should be s t r e s s e d  

t h a t  i t  i s  a dynamic a c c e l e r a t i o n  p r o c e s s  which i s  sugges t ed .  
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. 

The p r o c e s s  proposed t o  e x p l a i n  b o t h  t h e  p r e s e n c e  o f  e n e r g e t i c  

e l e c t r o n s  i n  t h e  a u r o r a l  e l e c t r o n  beam and t h e  occurrence  of a 10 c p s  

p e r i o d i c i t y  may be s c h e m a t i c a l l y  shown as 

1. A monoenerget ic  beam ( E  - 6 keV) of  e l e c t r o n s  ( p o s s i b l y  
produced i n  t h e  o u t e r  magnetosphere by an e l e c t r i c  f i e l d  
a c c e l e r a t i o n  of  t h e  type  proposed by Hones and T a y l o r )  
e n t e r s  t h e  enhanced e l e c t r o n  d e n s i t y  o f  t h e  upper F l a y e r .  

2 .  The i n t e r a c t i o n  of t h e s e  e l e c t r o n s  w i t h  t h e  l o c a l  plasma 
e x c i t e s  a w i d e  range of plasma o s c i l l a t i o n s .  

u 
al 
v) 

rl 

0 

3 .  Some o f  t h e s e  o s c i l l a t i o n s  p r o p a g a t e  and grow i n  an 
0 e x p o n e n t i a l -  l i k e  f a s h i o n .  

4 .  The gyrofrequency of  c e r t a i n  favored  e l e c t r o n s  i n  t h e  
monoenerget ic  beam r e s o n a t e s  w i t h  t h e s e  waves and i s  
a c c e l e r a t e d .  

L t h u s  damping t h e  wave. 

5. The t r a n s f e r  of  energy from wave t o  p a r t i c l e s  can  p r o g r e s s  
t o  t h e  p o i n t  where i t  exceeds t h e  growth of  t h e  wave, 

The a c c e l e r a t i o n  of e l e c t r o n s  i n  such a w a v e - p a r t i c l e  i n t e r a c t i o n  

f a v o r s  e n e r g i z a t i o n  p e r p e n d i c u l a r  t o  t h e  l o c a l  magnet ic  f i e l d  l i n e  

t h u s  t e n d i n g  t o  t r a p  t h e  a c c e l e r a t e d  e l e c t r o n s  r a t h e r  than  p r e c i p i t a t e  

them. It i s  e s s e n t i a l  t h e n ,  i n  o r d e r  t o  e x p l a i n  t h e  p r o d u c t i o n  o f  

e n e r g e t i c  e l e c t r o n s  which p r e c i p i t a t e  i n t o  t h e  atmosphere through 

such mechanisms, t o  p l a c e  t h e  reg ion  o f  t h i s  a c c e l e r a t i o n  c l o s e  t o  

t h e  e a r t h  so  t h a t  t h e  p a r t i c l e  l o s s  cone i s  l a r g e .  I n  t h e  e v e n t  

d i s c u s s e d  h e r e ,  t h e r e  i s  d i r e c t  ev idence  t h a t  t h i s  i s  t h e  c a s e .  

Although t h e  model h a s  been d i s c u s s e d  o n l y  i n  g e n e r a l  and 

q u a l i t a t i v e  terns t h e r e  ex i s t  some a s p e c t s  which a r e  amiable t o  

q u a n t i t a t i v e  d e s c r i p t i o n .  
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1. E x a c t l y  what wave modes can be expec ted  t o  p ropaga te  and 
grow i n  t h e  regi.on 500 km - 1500 km above t h e  e a r t h  on an 
a u r o r a l  zone f i e l d  l i n e .  

2 .  Which of t h e s e  waves h a s  the p r o p e r  p r o p a g a t i o n  v e l o c i t y  and 
f requency  t o  r e s o n a t e  wi th  t h e  gyrof requency  of 6 keV e l e c t r o n s  
i n  t h i s  r e g i o n  of space  s o  a s  t o  r e s u l t  i n  a c c e l e r a t i o n .  

3 .  Are any e s t i m a t e s  of growth and decay t imes  of  t h e  proposed 
wave such t h a t  a 0 .1  s e c  r e l a x a t i o n  t ime f o r  t h e  p r o c e s s  i s  
r easonab le .  

These a r e a s  are p r e s e n t l y  be ing  i n v e s t i g a t e d  and t h e  r e s u l t s  

w i l l  be r e p o r t e d  i n  a l a t e r  pape r .  

It w i l l  be remembered t h a t  the ac o r  dynamic component of  t h e  

observed  e l e c t r o n  i n f l u x  processed  o n l y  about  10 - 20% of t h e  t o t a l  

ene rgy  i n f l u x .  I n  t h i s  p i c t u r e  i t  i s  t h i s  f r a c t i o n  o f  energy  f l u x  

which must be t r a n s f e r r e d  from t h e  n e a r  monoenerget ic  component t o  

t h e  wave and thence  t o  t h e  a c c e l e r a t i o n  of some 10% of  t h e s e  low energy  

e l e c t r o n s .  Although t h e s e  r a t i o s  i n d i c a t e  r a t h e r  e f f i c i e n t  p r o c e s s e s ,  

t h e  proposed model cannot  be d i sca rded  because  of t h e  l a c k  of a v a i l a b l e  

ene rgy .  

18 



Appendix 

The power spectrum a n a l y s i s  followed t h a t  o u t l i n e d  by Blackman 

and Tukey (1959).  Each a n a l y s i s  encompassed 4 seconds of d a t a  

(400 d a t a  p o i n t s )  and a maximum lag  of  60 d a t a  p o i n t s  w a s  used. 

T h i s  r a t i o  of r e c o r d  l e n g t h  t o  maximum l a g  leads t o  an estimate of 

t h e  u n c e r t a i n t y  i n  the magnitude of the power ampl i tudes  i n  F i g u r e  4 

of  about_+50%. The peak i n  t h e  power spectrum a n a l y s i s  exceeds t h i s  

u n c e r t a i n t y  many t i m e s .  

The d a t a  p o i n t s  used were those produced by s u b t r a c t i n g  a 

r u n n i n g  49 p o i n t  average from each o f  t h e  count  ra te  v a l u e s .  T h i s  

w a s  done i n  o r d e r  t o  suppress  slow t r e n d s  i n  t h e  d a t a .  The e f f e c t  of 

t h e  s u b t r a c t i o n  w a s  examined e m p i r i c a l l y  by power a n a l y z i n g  b o t h  t h e  

49 p o i n t  averages  and t h e  raw count r a t e  v a l u e s .  It  w a s  determined 

t h a t  t h i s  method o f  low frequency s u p p r e s s i o n  had no e f f e c t  on t h e  

power spectrum of t h e  d a t a  at f r e q u e n c i e s  above - 4 c p s .  
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FIGURE CAPTIONS 

F i g u r e  1: The a l l - s k y  photograph exposed between +132 sec  and 
+162 s e c .  The b lack  d o t  marks t h e  approximate 
p o s i t i o n  o f  t h e  rocke t  a t  t h i s  t ime.  

F i g u r e  2: One second averaged count  rates of t h e  1 keV, 8 keV, 
and 60  keV e l e c t r o n  d e t e c t o r s .  

F i g u r e  3: The d i f f e r e n t i a l  energy spec t rums of  t h e  e l e c t r o n  
observed  a t  t h r e e  t i m e s  d u r i n g  t h e  f l i g h t .  

F i g u r e  4 :  A h i g h  t ime r e s o l u t i o n  count  rate p l o t  of s e v e r a l  
d e t e c t o r s  du r ing  a t ime o f  p e r i o d i c  f l u c t u a t i o n s  i n  
t h e  e l e c t r o n  f l u x .  

F i g u r e  5: Same as F i g u r e  4 but d u r i n g  a d i f f e r e n t  ep i sode  of 
p u l s a t i o n s .  

F i g u r e  6:  A power spectrum a n a l y s i s  of t h e  d e t e c t o r  count  rates 
d u r i n g  t h e  +118 sec p u l s a t i o n  e p i s o d e .  

F i g u r e  7: The c r o s s  c o r r e l a t i o n  a n a l y s i s  between v a r i o u s  d e t e c t o r  
r e sponses  d u r i n g  the  +I18 s e c  p u l s a t i o n  ep i sode .  
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